The extra resource burden of in-hospital falls: a cost of falls study I n-hospital falls remain a major cause of harm in acute care hospitals; a multicentre study estimated that falls comprised about 40% of all reported patient incidents (11 766 of 28 998) in the British National Health System. 1 They result in additional hospital costs because of their impact on hospital length of stay (LOS) and use of resources. 2 Previous studies of the costs of falls have had methodological limitations -small samples from single hospitals, capture of fall events using single sources (resulting in measurement bias), [3] [4] [5] modelled costs based on diagnosisrelated group or per diem costs (known to be crude estimates of cost), or costing data more than 10 years old. Poor capture of fall events will result in inaccurate estimates of cost, 6 while modelled costs are unlikely to reflect the true total cost attributable to the fall. Further, most studies have focused on falls resulting in serious injury, 7, 8 underestimating the total financial burden of in-hospital falls.
In Australia, only one study has examined the differences in the demand on resources by fallers and nonfallers in the acute hospital setting. 9 This retrospective study was undertaken in a sample of 151 patients from a single hospital. Fallers were grouped by diagnosis-related group, and it was found that the LOS of patients who experienced a fall in hospital was up to 11 days longer than that of nonfallers (matched for age and sex). Costing analysis was undertaken for patients with complete costing data in the three most common diagnosis-related groups (39 pairs). Total hospital-related costs for fallers were reported to be double those for nonfallers, although no figures were cited. While this study provided insights into the increased consumption of resources caused by falls, the small sample consisted of a select group of patients from only one hospital. For this reason, data that can be generalised to the broader acute population in Australia are still needed.
Given the lack of comprehensive and contemporary data on the cost of falls, the aim of our study was to identify the economic burden associated with in-hospital falls in six Australian hospitals. The study had three main objectives: to calculate the difference between the hospital LOS and costs of patients who experienced at least one in-hospital fall and of those who had not; to calculate the difference between the hospital LOS and costs of patients who experienced at least one in-hospital fall injury and of those who had a noninjurious fall; and to estimate the incremental change in hospital LOS and costs associated with each in-hospital fall or fall injury.
Methods

Study design
This multisite prospective study of the cost of falls was conducted as part of a larger falls prevention cluster randomised control trial, the 6-PACK project. 10 A detailed description of the methods used in this study has been published elsewhere. 6 Study population and setting Our study included all patient admissions to 12 acute hospital wards in six public hospitals (metropolitan and regional teaching hospitals) in two Australian states (Victoria and New South Wales). The sample was restricted to wards randomised to the control group of the 6-PACK trial to minimise confounding due to the effects of the 6-PACK program.
Abstract
Objective: To quantify the additional hospital length of stay (LOS) and costs associated with in-hospital falls and fall injuries in acute hospitals in Australia.
Design, setting and participants: A multisite prospective cohort study conducted during 2011e2013 in the control wards of a falls prevention trial (6-PACK). The trial included all admissions to 12 acute medical and surgical wards of six Australian hospitals. In-hospital falls data were collected from medical record reviews, daily verbal reports by ward nurse unit managers, and hospital incident reporting and administrative databases. Clinical costing data were linked for three of the six participating hospitals to calculate patient-level costs.
Outcome measures: Hospital LOS and costs associated with in-hospital falls and fall injuries for each patient admission.
Results:
We found that 966 of a total of 27 026 hospital admissions (3.6%) involved at least one fall, and 313 (1.2%) at least one fall injury, a total of 1330 falls and 418 fall injuries. After adjustment for age, sex, cognitive impairment, admission type, comorbidity and clustering by hospital, patients who had an in-hospital fall had a mean increase in LOS of 8 days (95% CI, 5.8e10.4; P < 0.001) compared with non-fallers, and incurred mean additional hospital costs of $6669 (95% CI, $3888e$9450; P < 0.001). Patients with a fall-related injury had a mean increase in LOS of 4 days (95% CI, 1.8e6.6; P ¼ 0.001) compared with those who fell without injury, and there was also a tendency to additional hospital costs (mean, $4727; 95% CI, À$568 to $10 022; P ¼ 0.080).
Conclusion:
Patients who experience an in-hospital fall have significantly longer hospital stays and higher costs. Programs need to target the prevention of all falls, not just the reduction of fall-related injuries. Other hospital admission covariates. Data on patient demographics (age, sex) and admission characteristics (admission source, admission type, diagnoses) were obtained from hospital administrative datasets for all participants. Age was coded into four categories (< 55 years, 55e69 years, 70e84 years, ! 85 years). Admission type was coded into four categories (emergency v elective, and medical v surgical, based on diagnosis-related group classification). To account for comorbid illness on admission, comorbidities were generated with the Elixhauser comorbidity method. 14 The assessment of cognitive impairment on or during a patient's admission was based on International Classification of Diseases, 10th revision, Australian modification (ICD-10-AM) codes for dementia or delirium. A history of falls was defined as presenting with a fall or a history of falls coded as either the principal reason for admission or as an associated condition on admission.
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Data linkage. Hospital administrative datasets were linked to data on fall events (linking variables: patient identifier, date of admission, date of event, ward). Data were then linked to patient hospital costing data (linking variables: patient identifier, date of admission). Three patients (0.02% of cohort) with missing costing data were excluded from the analysis of costs.
Statistical analysis
Descriptive and bivariate analyses of patient and admission characteristics and of hospital utilisation for each hospital admission were undertaken. Hospital LOS and costs were reported as means (with standard deviations) and medians (with interquartile ranges). If a patient was admitted to hospital several times during the study period, each admission was treated as a separate event. For patient admissions with an 
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identified fall or fall injury, we analysed the average additional hospital LOS and costs with multivariate linear regression models (Box 2).
All analyses were adjusted for prespecified variables (age, sex, cognitive impairment 6 ) and clustering by hospital (to account for in-hospital correlations). Additional admission covariates were included in the regression analysis if P < 0.25 in the bivariate analysis, or if they were clinically significant according to clinical opinion and literature. Standard errors were calculated using a bootstrap approach. 15 Statistical significance was defined as P < 0.05 for all analyses. Data were analysed with Stata version 13 (StataCorp).
As hospital LOS and costing data were each positively skewed, crossvalidation of the linear regression analyses was undertaken with generalised linear models that estimated the adjusted relative increase in LOS and costs for falls and fall injuries, using Poisson and gamma error distributions, respectively, and including a log-link function. In addition, multivariate linear regression analyses were undertaken, with log transformation of LOS and cost data. The smearing estimator developed by Duan and colleagues 16 was used to retransform covariates from the log-scale back to the original scale (Australian dollars). Sensitivity analysis. Sensitivity analyses were undertaken that separately compared the data of non-injured fallers with those of non-fallers, and of injured fallers with those of non-fallers. To examine the robustness of the cost of fall estimates, sensitivity analyses were undertaken that individually removed each of the hospitals to determine their influence on hospital costs and LOS, or that excluded patients who were deemed by visual inspection to be extreme statistical outliers (costs or LOS).
Ethics approval
This study received multicentre ethics approval from the Monash University Human Research Ethics Committee (project number CF11/ 0229e2011000072). Ethics and research governance approval was also obtained from local ethics committees at all participating hospitals.
Results
Our study included 21 673 unique patients and 27 026 patient hospital admissions (Box 3). We found that 966 hospital admissions (3.6%) involved at least one fall, and 313 (1.2%) at least one fall injury, a total of 1330 falls and 418 fall injuries. A summary of the numbers and types of fall events are summarised by hospital in Appendix 1.
Data for hospital LOS and costs for the total cohort and by group are summarised in Box 4. The total hospital costs of fallers in this dataset were $9.8 million, with $6.4 million attributable to non-injured fallers and $3.4 million to injured fallers. After adjustment for age, sex, cognitive impairment, admission type, comorbidity, history of falls on admission and clustering by hospital, the mean LOS for fallers was 8 days longer (95% CI, 5.8e10.4; P < 0.001) than for non-fallers, and on average they incurred $6669 more in hospital costs (95% CI, $3888e$9450; P < 0.001) (model 1a, Box 5). Each additional fall was associated with a longer LOS and additional hospital costs; the LOS for patients who experienced three or more falls was estimated as being 23 days longer (95% CI, 10.7e35.4; P ¼ 0.003) than for non-fallers, and they incurred more than $21 000 in additional hospital costs (95% CI, $3035e$39 355; P < 0.001) (model 1b, Box 6).
Within the cohort of fallers, the mean LOS for an injured faller was 4 days longer (95% CI, 1.8e6.6; P ¼ 0.001) than for a faller without injury. Consistent with our other findings, mean hospital costs were also higher (by $4727; 95% CI, À$568 to $10 022; P ¼ 0.08), but the difference was not statistically significant (model 2a, Box 5). Each additional fall injury was associated with increased LOS and additional hospital costs (model 2b, Box 7); patients who experienced three or more in-hospital fall injuries were estimated to have a mean increase in LOS of 9 days (95% CI, 2.8e15.1; P ¼ 0.004) compared with a faller without injury, and incurred more than $7000 in extra hospital costs (95% CI, À$3126 to $17 636; P ¼ 0.171) (Box 7). There were no statistically significant differences in hospital LOS or costs associated with the severity of a fall-related injury (189 hospital admissions with mild injury, 89 with moderate injury, 35 with severe injury; model 2c). Results from models 1b, 2b and 2c are summarised in Appendix 2.
The cross-validation analyses of the linear regression using generalised linear models and log transformation of LOS and costs (Appendix 3) did not alter our conclusions.
Sensitivity analyses
Fallers who did not sustain injuries were estimated to have a mean increase in LOS of 7 days (95% CI, 5.1e8.7; P < 0.001) compared with non-fallers, and incurred mean additional hospital costs of $5395 (95% CI, $3788e$7002, P < 0.001). Injured fallers were estimated to have a mean increase of LOS of 11 days (95% CI, 5.1e8.7; P < 0.001) compared with non-fallers, and incurred mean additional hospital costs of $9917 (95% CI, $3273e$16 561; P ¼ 0.003). Additional sensitivity analyses were undertaken to examine the robustness of study estimates by individually excluding each hospital from the analysis, and by excluding 78 patient 
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admissions that appeared to be outliers with respect to hospital LOS or costs. There were no appreciable differences in the excess LOS or costs calculated by these analyses (results available from authors on request).
Discussion
This study found that in-hospital falls remain highly prevalent, with 3.6% of all patient admissions resulting in at least one fall, a third of which caused a fall injury. They are a significant burden on hospital resources because of the resulting increases in hospital LOS and costs, with patients who experience an in-hospital fall having nearly twice the LOS and costs of non-fallers. Our study shows that more than half of the additional costs associated with a fall injury can be attributed to the fall itself, not the injury.
The increase in resource burden associated with an in-hospital fall, whether the patient sustains an injury or not, may be caused by changes in the patient's care pathway and discharge planning. Previous studies have found that a fall (regardless of injury) will affect the patient's confidence and independence, 17 and therefore influences their rate of recovery and plan to leave hospital. Best practice guidelines recommend that patients who have a fall be provided with strategies that minimise the risk of subsequent falls and an assessment of safety and readiness for discharge home. 18, 19 As a result, delivery of guideline-based care is likely to influence the overall hospital LOS, regardless of injury, and thus their use of hospital resources.
However, as our study was observational, it is possible that a fall might be the consequence of a patient's longer hospital stay rather than its cause. Patients at risk of falling in the acute hospital setting are typically acutely unwell, often have multiple comorbidities, and take several medications. A fall may therefore reflect deterioration in an individual's health and function rather than cause it. Further exploration of temporal trends in the occurrence of falls and the care pathway of patients following a fall event are warranted.
Some limitations should be considered when interpreting our findings. While we adjusted our analyses for potential confounding factors, unmeasured characteristics may have influenced hospital cost and LOS outcomes. These include differences in patient management across wards, severity of illness and acuity of care. There are also limitations associated with analysis of routinely collected hospital data for the assessment of health conditions, 20 which may have resulted in the undercoding of confounding factors. However, the coding quality of ICD-10-AM in Australia has been found to be good to excellent for many diagnostic codes and comorbidities. 21 The use of hospital costing data also poses challenges. While analysis of clinical costing data is a powerful research tool and aims to preserve information about variability in individual patient resource use, 22 clinical costing standards are relatively new for Australian public hospitals. We observed some variability in the completeness and quality of the available costing data, and hospitals with incomplete or poor-quality costing data were removed from our costing analysis, resulting in a sample that included about half of the total study cohort. Finally, the results from our study only incorporated costs of hospitalisation from the acute hospital perspective, potentially providing a more conservative estimate of the overall resource burden.
Fall rates in the acute hospital setting remain unacceptably high and are clearly associated with longer hospital patient stays and higher hospital costs. The resource burden of inhospital falls for the Australian hospital system is considerable. Our findings highlight the fact that falls prevention programs in the acute hospital setting need to focus not only on the minimisation of harm resulting from falls, but also on the prevention of all falls. In the absence of evidence from randomised control trials that supports the effectiveness of any single falls prevention strategy in the acute hospital setting, 23 the challenge remains to develop innovative ways to prevent falls in hospital and to reduce the additional resource burden associated with these events. Our findings have important financial implications for hospitals in light of an ageing population and the growth in the burden of disease, and the complexity of patients within a health care system facing major cost constraints. 6 Adjusted increases in hospital length of stay (LOS) and costs associated with each additional fall (total study cohort) 
